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Abstract
Governance can be considered as the way in which companies are directed and controlled. In any governance process, effective 
experience reuse is an increasingly important asset, representing source of competitive advantage in making decisions. As an 
example, an adequate level of experience is needed for taking decisions related to resource allocation and, in particular, for team 
allocation with regard to a specific problem. In this scenario, we propose an experience-based Decision Support System (DSS) 
supporting Governance processes (i.e. decision-making processes), capable of exploiting previous decisions made by the 
governance board for solving similar problems. The DSS relies on a semantic formalization of the characteristics of the resources 
to be allocated and of the problem to be solved. Consequently, when there is a new allocation problem, the DSS can identify the 
most suitable set of resources to employ. Among them, it is possible to select the best one for the specific problem by exploiting 
previous experiences of the governance board. The DSS uses pattern-mining techniques in order to discover association rules
among different kind of resources, reflecting experiences of the governance board in taking such kind of decisions.
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1. Introduction
In everyday practice, policy-makers, business consultants and service researchers try to envision better systems 
of rules[1] to solve political and business problems[2]. So, better frameworks for crossing disciplines, systems and 
cultures are needed, as real world problems rarely respect discipline boundaries [3]. In our paper, we propose the 
Service Science, Management, Engineering and Design (SSME+D), or Service Science for short, to expand 
awareness in the service research community of multilevel governance or in other words, a shared system of rules in 
complex social systems. The reason why we chose this framework is the following: it provides a framework for 
studying service systems, which includes governance within its core set of concepts. Moreover, it makes repeated 
references to integrating multiple disciplinary perspectives. Second, it emphasizes the importance of governance 
mechanisms, government and rules and, finally, it illustrates how value is co-created through different governance 
interaction [4].By this perspective, we assume service systems exist for value co-creation and can be represented, in 
terms of governance and components interaction.Furthermore, the overall value co-creation depends on the 
governance capability to produce shared competence for the development of service system through multilevel 
governance mechanisms.
In this scenario, we propose an experience-based Decision Support System (DSS) supporting Governance 
processes (i.e. decision-making processes), capable of exploiting previous decisions made by the governance board 
for solving similar problems.This new interpretative key asks for a vision based on “interactions” in which the 
system dynamics prevail on the structural orders, with a shift in perspective from the traditional mechanisms of 
governance to processes of shared and collaborative governance. The synthesis of a network of multiple consonant 
entities guarantees a smart role able to mediate the diversified expectations of the stakeholders within a cohesive and 
co-finalized system able to evolve as the context requires. The role of a smart governance is fundamental for the 
growth and the improvement of the systems of service. Since thegovernmentalityis the ability to interpret the 
environment, to describe the context, to dialogue with other systems to reconcile the different expectationsof the 
subjects indirectly and/or directly involved,[5]then the people to engage in facing governance issues should have 
profiles of polyvalent competences. It does mean they should be endowed with characters of strong disciplinary 
specialization but, at the same time, of suitable cognitive variety so that to be able to be harmonized with the other 
resources of the overall system.From a Service Science perspective, this means that the capability to co-create 
service value depends on the capability of multilevel governance (government and/or top decision maker and/or 
policy maker) to interpret, mediate and synthesize the context in a Service perspective.
2. DSS, knowledge management and experience-base systems
Around the end of 70s, Decision Support Systems (DSS) appeared and collected high interests and expectations. 
In the following years, during the evolution of the Information Technology, a big enthusiasm was born for DSSs and 
their analytical and information potentialities able to give a real support (in terms of structured information, analysis 
tools, unstructured knowledge) in decisional processes related to various contexts (operating management, financial 
management and strategic decisions).These systems are naturally able to offer support services for decisional 
problems that are typical of the Governance[4]. This is the base of the Service Science [6]where a provider (i.e. a 
system) and a client (i.e. a manager) interact each other, work together to create value added. The principle is 
creating a base that may act as a guide in the problem solving, a base of experience to be stored and capitalized, to
be preserved and reused, a help system in the delicate issue of taking decision.
Power in[7] gave a first classification of DSSs and their components on the base of the methodological 
approaches they follow: Data-Driven, Model-Driven and Knowledge-Driven.A Data-Driven DSS offers access and 
manipulation functionalities on big structured databases, especially on historical series often combined with data 
analysis functionalities.A Model-Driven DSS is a system that operates on financial, representation or optimization 
models instead of data. It offers support functionalities by means of simulations of phenomena, agents or factors 
basing them on some models.A Knowledge-Driven DSS is a system able to store knowledge on a particular domain, 
descriptions of problems inside the domain and skills on how to solve them.Often Data Mining techniques are 
exploited in both Data-Driven and Knowledge-Driven DSS for extracting patterns and relations from the enterprise 
databases and transform them in reusable knowledge. Some years later, Power extended his classification by adding 
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Document-Driven DSS (which works on unstructured documents, offering advanced functionalities for analysis and 
research) and Communication-Driven DSS (which offers enhanced functionalities for interaction and 
communication to decision-makers).Over all the cited types of DSS, the better system to manage and capitalize the 
experience is the Knowledge-Driven DSS. It obvious that, in real situations, a hybrid approach could be the best 
solution to realize an experience-based system[8] able to support governance.The experience-based systems suggest 
the best solution basing the reasoning only on the previous experiences. This approach is also known as Case-Based 
Reasoning (CBR). The mechanism is suggesting a solution to a problem by getting the closest one that is in the base 
of cases. Many cases available implies suggestions that are more careful. This happens in ideal situations where 
information systems integrated with production processes (as in big enterprises or in high-tech enterprises), have 
tools and procedures that track everything is happening in the enterprise. They allow creating a repository of 
experiences with no additional effort. In fact, in the ideal situations there are a good availability of structured data or
unstructured documents. By elaborating them it is possible to create a DSS where formalize and reuse experiences, 
for instance, to support a decision process. This means realizing a CBR or a more complex system where knowledge 
and rules coexist [9].What happens in ideal situations does not happen in the real ones and, in particular, it does not 
happen in the Small and Medium Enterprises (SME) where there is no integration among knowledge management 
services and information systems, and the past working experiences are next to never available. 
3. The proposed approach
The information systems in SMEs generally does not allow for tracking all that is happening in the enterprise; 
usually this systems support only few functionalities (e.g. only accounting, sales, warehouse. As a consequence, the 
great part of real situations have an objective difficulty for adopting a DSS based on a typical CBR approach,
independently from the knowledge modelling it is based on. Moreover, this technique may be useful for decision 
processes that are structured or semi-structured and, surely, they do not represent all governance processes. In fact, 
in these situations when the starting base is limited and incomplete, a formalization of a repository requires the 
interaction with the leader (the executive, the owner) to catch all his knowledge about the domain and his experience 
about the solved problems. This is the real situation that occurs in SMEs. Often, the logic leading the actions may be 
linked to experience and to intuition, perceptions, knowledge related to complex factors that are complex to extract 
and difficult, or impossible, to represent in order to automate the steps of a decisional process. In these cases, which 
are typical in family-run business and small enterprises, there are only the evidences of each completed action 
without any information on the context, the situation, the event that motivated that action.
The proposed idea is to elaborate these actions by means of pattern mining algorithms and extract the rules to 
apply, together with a model, in order to support some future similar decision processes. In this way,they become 
transferable to others and can support decision-makers that are different from the ones who made the initial 
decisions. The pattern matching allows finding recurrent choices. The repetition of some combinations, 
independently from the motivations, mean they could be valid for decision makers.This approach, when a large 
repository of cases is not available, represents a value added in the construction of service able to support some 
governance processes. The governance does mean problems related to leading and managing an enterprise[10]. It 
treats the control actions done by high-level hierarchies and its decisions are typically semi-structured and 
unstructured as shown in Fig.1. These decision profiles are complex to be formalized, represented and treated by 
means of a DSS.
Fig. 1.The Governance of an enterprise related to control level examples and decision profiles.
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Many SMEs are family-run businesses and their leader in governance are the controlling-fathers. In these 
contexts, the governance concerns many strategic or directional actions. From this wide set of problems (Fig. 1 
shows some examples of them), we have chosen the optimal allocation of team, i.e. the choice of the combination of 
resources to do a task or an activity (a commission). These governance decisions depend on factors related to the 
experience of the leader that are difficult to code but that represent the value added able to cause the success of an 
enterprise and its failure when the business pass from one generation to the next. In particular, when the leader 
choses a team, the combination he prefers are related to many factor hard to be coded. For instance, people work 
well together not only because they are the best, but because their feeling, their complementarities, their way to 
approach competitions, their way to live may influence their way to work. These choices, discarding their 
motivations that moved the leader to do them, may become the mean to create rules and to integrate the DSS. Given 
the activity to do, the rules come from the observation of past-composed teams, from the repeating of particular 
combinations that put people working together. 
The idea is to create a hybrid model based both on the competence model and on the previous decisions that are 
used for extracting rules in order to allocate teams. These rules are extracted by analyzing people that had been 
working together for the past commissions of the enterprise. By analyzing these combinations by means of data 
mining algorithms, it is possible to deduce, as recurrent patterns, the preferred combination of workers so to codify 
this experience in rules.The proposed approach does not leverage only these rules. It follow the logical process 
explained before to reach the symbiosis between a model-driven component and a knowledge-driven one. In fact, 
the model-driven component manage the competences, representing them by means of ontologies. In particular, it 
adopts a competence model to represent tasks and activities in terms of competences needed to complete them, and 
to represent skills and knowledge of people working inside the enterprise. Moreover, it evaluate the skill gap among 
the competences required in order to complete an activity and the ones owned by the workers, in order to suggest 
who has the competences closer to the ones needed for a new task. The knowledge-driven component is the module 
that analyzes the actions, extracts the rules (by means of pattern mining algorithms on simple available data) and 
applies them to support governance decision processes.By generalizing, the objective of this paper is to propose an 
approach for the realization of an effective governance support service that could be successfully applied in the 
contexts where the information systems are poor and limited and where the base for any automatic reasoning is 
incomplete or even non-existent.
For better explaining the proposed approach, the facedproblem is the team allocation that, as above explained, is 
typical and recurrent in SMEs. Thus, the considered data are the recorded actions related to the team allocated for 
new activities.When a new activity arrives, the system will give its support by using the first component to point out 
the needed competences, then, to find the people to allocate having competences matching with the needed ones 
and, finally, by using the second component to suggest the best team by means of the rules extracted from the 
experience.The approach consists of two phases: a first off-line phasefor creating the knowledge of the support 
system, a second on-line phase includes the steps to execute at run time to give support in some governance process. 
The off-line steps are the following:
1) Extracting competences from all the employees’ Curricula Vitae (CVs);
2) Getting the list of teams allocated in the past;
3) Applying data mining algorithms on the list of teams to create rules.
The on-line steps are the following:
1) Extracting competences from the new task description;
2) Evaluating the competence gap among the competences needed for the task and those owned by the employee in 
order to find a team to allocate;
3) Applying rules to refine the team and suggest the best solution to adopt.
In what follows, we describe the details of the distinctive elements of the proposed approach. In particular, for the 
off-line phase, the competence model, the process for competence extraction (this process is also executed in the on-
3563 Clara Bassano et al. /  Procedia Manufacturing  3 ( 2015 )  3559 – 3566 
line phase for extracting the competences required for a new task) and the data mining technique for creating the 
rules are described. Regarding the on-line phases, we describe the process for evaluating the competence gap.
3.1. The competence model for the hybrid knowledge-driven and model-driven DSS
The key points of the adopted model are the terms competence and competency. A competency represents all the 
forms of knowledge, skill, attitude, ability and learning objective described in learning, training or professional 
areas[11]. Thus, a competency is an element part of the competence. A competency is knowledge, skill or attitude 
(KSA). The knowledge means the information that a person may apply to do a task. The skill is the experience, the 
practical ability and the easiness in doing the task. The acquisition of a skill increases the ability of a person in doing 
action automatically and unconsciously. The attitude is the inclination of a person in doing actions as a response in 
particular situation. The competence has three different key points: the competencies that are the KSA elements, the 
context where the competence itself has been acquired and the assessment in terms of what is able to proof how the 
competence itself has been acquired. These key points are different in terms of their life cycle, because the 
competence, related competencies and the context are static and always available inside a sort of taxonomy, 
whereas, in particular, the relation between the competence and the context is not static but it depends on where the 
person has acquired the competence itself.Similarly, the assessment process may be related to the person and not 
only to the competence, so different people may have the same competence but different context and evidences for 
it.As in [12] we may divide the model into two parts. The first, static part is the set of competences that are not 
related to the person and are always the same. The second, dynamic part is the set of competences that are related to 
the person and are dependent on what has been acquired, where it has been acquired (in which context) and how this 
acquisition is documented (by mean of which evidence).By using part of the described model, we may represent the 
commissions (activities to do, task to complete) in terms of competences needed to complete them.
3.2. The representation of competences for commissions and employees
This representation may happen in a declarative way, by selecting the competences or in automatic way by 
extracting them from the description of the activities themselves[13].We may process the text of the description of 
an activity by applying a Named Entity Recognition (NER) and the Ontology Mapping. The NER technique seeks to 
locate and classify elements in the text into pre-defined categories such as features, constraints, locations, and so 
on.The NER works by analyzing the text corpus and identifying entities and categories. When the NER is 
completed, the Ontology Mapping takes in input the identified entities and outputs an RDF representation of the 
activity to do using the Competence Model[14]. The key subjects extracted from the text of the activity description 
correspond to Competences (ability to perform a series of particular actions) and Competencies (Skills, Knowledge 
and Attitudes).
By applying the process described in the previous section and adopted to get the competence ontologies from all 
the activity descriptions, we may declare the same kind of competence ontologies for the people working inside the 
enterprise or extract them directly from their CVs. The process is the same and allows identifying ontologies 
underlining competences and experiences of each person and, thus, which kind of activity he/she is able to do.
3.3. Data mining and rules
By means of data mining algorithms, a list of pattern including the teams allocated in the past has been analyzed. 
In particular, we adopted a pattern-mining algorithm: the Apriori Algorithm[15]. The principle leading this 
algorithm is the following: if an itemset is frequent, then its subsets are frequent too; if an itemset is not frequent, 
then also its subsets are not frequent too. In a bottom-up approach, the algorithm finds the sequence of items that are 
present in the list. These frequent itemsets can be used to determine association rules that highlight general trends in 
the list. After the application of this algorithm on a list of patterns, we have a set of rules to apply. For instance, if an 
item is present, we may find the rules involving it. These rules are able to create one or more complete pattern 
including that item.
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Fig. 2. Activity descriptions and CVsbecome competence ontologies.
Fig. 3. The weight of the single competence gap.
3.4. Evaluating the competence gap
The process is a comparison among the competence ontology extracted from the description of the activity to do 
and the competence ontologies extracted from all the CVs of the people. The competence gap allows identifying 
people having the competence background closer to the competence needed to complete the new activity[16].
Let ܥ݌ be the set of all the competences ܿ݌ of the person ݌ and let ݆ܥ be the set of all competences ݆ܿ related to 
the activity ݆. We define a measure of the competence gap as a distance between the person ݌ with respect to the 
activity ݆as in the following (1):
݀(݌, ݆) = σ ݄(݆ܿ )ฮ݆ܿ െ ܿ݌ฮ݆ܿאܥ݆ ,ܿ݌אܥ݌ . (1)
In (1), the measure ݄(݆ܿ ) is the weight of the competence ݆ܿ in the hierarchy of the competence ontology, as 
shown in fig.3.
This allows to attribute a high weight to the gap on competences in the first level and, then, a lower weight to the 
gaps referred to concepts that are in the underlying levels in the ontology as in the following (2):
݄൫݆ܿ ൯ = 1
݈݁ݒ݈݁ (݆ܿ )
 ݓ݄݁ݎ݁ ݈݁ݒ݈݁(݆ܿ ) א [1,݊].  (2) 
Pointing out the team with competence background closer to the competence set needed by the activity means 
finding a set of person whose distance from owned competences and needed competences is minimum:
ܶ݁ܽ ݆݉ = {݌ҧ:݀(݌ҧ, ݆) = ݉݅݊ܲ ݀(݌, ݆)}. (3)
4. A first experimentation
We conducted a first early experimentation in the automotive sector by analyzing a small enterprise. This 
enterprise has 19 employees. It does customization and maintenance works to trucks and other industrial vehicles. 
First, we described the competence domain by considering the six different professional roles of the employees, 
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showed in Fig 4(a), along with the 223 competences we have identified for these roles. By referring to this domain 
dictionary, we extracted competences from all the employees’ CVs. We collected and designed as competence 
ontologies the competences of all the 19 employees.We collected a list of allocated teams (showed in Fig. 5.a) for 
the past commissions (without knowing the commissions themselves). In particular, we got two different lists: first 
choice and second choice. The 2ndchoice teams are the teams that have been selected only when a first choice had 
not been possible (i.e. one or more employees are still busy in other activities).
By applying data mining algorithms on the list of teams, we created the rules showed in Fig. 5.b. The rules allows 
refining teams starting from the employees the competence gap analysis suggests allocating. After that, during the 
experimentation we followed the “on-line steps” for sixteen different commissions. From the description of the 
activity to do, we extracted the competences needed. Then, we evaluated the skill gap and pointed out the “best” 
workers by considering only the competences. Finally, we adopted the extracted rules and suggested the team to 
allocate. The following Fig. 6 shows the results. For each commission we asked to the leader the desired team to 
(a) (b)
Fig. 4. (a) The distribution of the competences in the treated domain. (b) The employees for each professional role.
(b) (b)
Fig. 5. The list of collected teams and extracted rule.(a) The list of “1stchoice” and “2nd choice” teams. (b) The rules extracted from “1stchoice”
and “2nd choice” team patterns.
Fig. 6. The rules improved the results of the skill gap analysis in team allocation.
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allocate. We got the team suggested by the skill gap analysis and evaluated the coverage in percentage. Only in four 
cases over sixteen, the coverage is 100%. Then we applied the pattern mining rules and we observed an interesting 
improvement. In thirteen cases over sixteen, the coverage is 100% and the other three are greater than 75%. 
We tried also to compare 2nd choice team desired by the leader with the team suggested by applying the rules 
related to the 2nd choices. We got the team suggested by the skill gap analysis and evaluated the coverage in 
percentage. In this case the coverage is always less than 50%. Then we applied the pattern mining 2ndchoice rules 
and we observed an interesting improvement. In seven cases over ten, the coverage is 100%, in two cases 50% and 
only in one is 0%.
5. Conclusions and future works
The governance represents the means for taking the most important decisions in the enterprise, leading to its 
success or failure. For governance processes, the reuse of effective experience represents competitive advantages in 
making decisions. In this scenario, we propose a DSS supporting a governance process in a small enterprise by 
capitalizing the experience of its leader. The DSS relies on a semantic formalization of the competences of people 
and commissions and on pattern mining techniques in order to discover association rules reflecting the experiences 
of the governance board in taking such kind of decisions. By prototyping this approach, we created a service able to 
give its support to decisions in governance related to the problem of team allocation. We experimented this 
technique for the governance in a small enterprise. By analyzing the results, the improvement of our approach with 
respect to the competence-based approach is very interesting. In many cases, the suggestion is closer to the desired 
decision of the leader. This is only an example, but it allowed us to capitalize the experience of a leader and to create 
a support system able to use it to give support in governance situation. We are confident we may extend this kind of 
decision support and successfully apply it to other governance contexts where aspects to consider are more various 
and complex as well.
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